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INTRODUCTION

Upstream migration.iis a critical event in the 'steelhead lifecyele. Steelhead, like the other
anadromous salmonids, are born in freshwater and live there for generally one or two
years before mxgratmg to sea. Wlnle at sea they grow to sexual maturity and then return
to the stream in whtch they were bomn to spawn If passage from the océan to thetr

. next generation. When tlns happens the ﬁsh may spawn in another stream or wait for

: Spawmnggrounds is prevented the steethead cannot complete its lifecycle and spawn the L

.another year to spawn Fortunately, the ltfecycle of steelhead is much more ﬁemble than | o '

it :s for other salmonids. Unlike salmon who die after Spawmng, steelhead are capable of

Spawnmg several ttmes (m different years) under the nght conditions (Shapovalov and
; ‘Taft 1954) ' '

. In the Santa Ynez Rrver access to the river can be aﬁ'ected by the sand bar which forms

- at the river’s mouth in ‘most years or by shallow riffles in more upstream areas. Like

most southem California coastal rivers, the mouth of the Santa Ynez River can be closed
: off each year by the formanon of a sandbar across its mouth The sandbar is formed by o
long-shore dnﬂ of sand created by the Caltforma current, and by wave and tidal action.
Dul_'lng some portxons of the year, the bar may be breached when the ﬂow from nver fills
the lagoon, ovenopping the balﬁer causing it to breach. These flows do not oe_eur inall
y.ears, however. Upstream passage barriers 'rnay consist of a variety of physical features
that may parnally or completely block passage for adult steelhead. These bamers might '.
‘consist of drops or falls which are too high for ﬁsh to leap, of areas where the flow is too -
shal!ow to allow fish to swrm past. '~ This report focuses on the relattonshlp' of mainstem
flow and passage opportumttes in the Santa Ynez River from the upper poruon of the
: lagoon to Bradbury Dam. |
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PREVIOUS STUDIES

Pﬁtentiél passage impediments- have been investigated by several previous studies.
Habitat, surveys that identified potenﬁal passage barﬁers were conducted in the po"rﬁon of -
the river between ‘Lompoc and Buellton by DWR and Thomas R. Payne in 1991
_ '(unpubhshed data, T.R. Payne and Assoc:ates) and between Buellton and Bradbury Dam

by ENTRIX Inc. in 1994 (ENTRIX 1995). Neither of these surveys found any velocity

‘barriers in the. r_nams_tem river, but areas with msufﬁmen; .depth for upstream migration |
were Qbserved. These barriers were usual_ly'rélated to shallow riffles or gravel bars, and :
not to pennéngﬂt hydrolpgic_:al features (i.e., bedrock sills, weirs, et_c.); A second pdteritial
pass#gé- problem idé_:r_ltiﬁed was the numerous beaver dams observed in the Lomﬁoc area.
In wet_yé&rs, Steélhead can generally' get around, over, or through beaver dams and .

- steelhead are common in rivers and streams where beaver are numerous. In dry years, the -

3 presence. of beaver dams may inhibit upstream migraﬁdns by steelhead.

Soxﬁe prévioﬁs work on .'evé-.luatin.g the amount of water needed in the mainstem river to-
N provide passage was _'_eva]'uat'ec_l' in the environmental assessment- fqr the 'Cachurha
Contract Renewal (Wo‘odward.-Cch.Ie Consultants ef al., 1995). This evaluaﬁbn_.rélied on
* data collgcfed from Bue_llto'.n and upstream areas for the habitat asseSSment using the '
_ Instream flow Inér’ement'zﬂ- Method. Transects placed in riffle habi.tats' were used to.
'detem_line i)hysical -con‘ditioné (depth ve]ocity, and top' width bf thc 'channel) present:- at
varioﬁs ﬂdw levels. Riffles were selected for evaluatlon because they. represent the
shallowest habltat type and thus would most likely represent the low flow passage
bamers that were identified during habitat mappmg Those riffles in the segment below
Refugio Road were evaiuated because the river was W1der in this area than above Refugio
Road, and hence would be shallower and would represent the most critical passage areas.
The upstream passage cﬁ_teﬁa for salmon and steelhead developed by Thompson (1972)
were used to determine when conditions were appropriate for passage. These studies
indicated that a minimum flow of 25 cfs was required to allow adult steelhead to migrate

upstream.
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20
METHODS

- TRANSECT PLACEMENT

In 1995 as part of the Long—term Study Plan (Job 2) the SYRTAC conducted addltlonal
studies - spemfically demgned to address the passage issue (SYRTAC 1996) Ms Kris
Vyverberg, a geomorpho]ogtst for DFG, conducted geomorphic surveys of the river 10
1dent1fy areas where cntlcal passage riffles were likely to be relatively persxstent. After
these areas were 1dent1ﬁed 10 transects were located in critical nfﬂes between Lompoc s
and the area Just upstream _of Refuglo Road. One of these transects (Alisal 2) could not:
be calibrated and was dropped from the analysis. Two additional transects were placed in -
the Alisal reach in 1997 to supplement the analysxs These transects were selected by Mr.

Larry Wise, a ﬁshenes bro!oglst thh ENTRIX, Inc. Each Transect was marked with B o

rebar or fence posts to allow for easy relocation during data collection.

" SITE DESCRIPTIONS

Transects were p]aeed'in_four' are_as of the Santa Ynez River where access to. the river
~ could be 'obtained' from local land-owners: River 'Park-in Lompoc Ca:rgasachi' Ranch,'
Alisal Bndge near Buellton, and the Upper Refugxo Area near Solvang - Brief

_ descriptions of these areas are provided below.

The River Park Area was located in Lompoc between Floradale Bridge and Hwy 246.
The channel form in this -transect areais characterized by poorly defined braided channels
(multiple thread channel) in an overly wide and shallow reach {150 to 350 feet wide by '

-severa! inches to several feet deep) with a sand sized substrate.

Cargasacht Ranch Transect Area is located between Hwy 246 and Santa Rosa Creek -
about 24 miles downstream of Bradbury Dam. Sediment tends to deposit in this area and
substrate is mamly composed of highly embedded gravel The active channel ranges

B
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from 50 to 200 ft wide and is characterized. by bar complexes with ﬂatwater areas bemg

less abundant.  Streamflow is generally in a single thread, although some braldmg takes o

place at the downstream e_nd of the reach. Habitat i is dominated by iong, shallow, runs, -

glides and riffles.

Alisal Bridge Area is located near Buellton between Hwy 101 and Alisal Road at

Solveng) The channel form in this transect area is chafecterized by a coarse general-ly

o nnbedded or cemented gravel substrate and an active typlcally smgle thread channel -

_ penodlcally spllt into two or more channels by large channel—spaxmmg transverse or mid-
channel gravel bars. The active channel varies from 80 to 200 feet in width and meanders

across a broad flood plain 500 to 800 feet wide.

Upper Refogio'Area is located near the town of Santa Ynez upstream of Refugio Bridge

- and ('J"rslinejr CroSsing. The_ channel form in this transect area is generally characterized by -

a single thread channel 100 to 200 feet wide and intermittently split by mid-channel o

gravel bars. ’Ihe.chan.nel has a fine_ to coarse grained substrate and is confined by large,

coarse grained longitudinal gravel bars within which the active channel gently ,meande_rs. o |

The transect locat:ons were selected in areas where geomorphxc features. mdlcate that -

- _riffles are constant over time. The analysis assumes that similar passage problems are

present each year' that is, there may be insufficient depth OVer some nfﬂes _Although_ the
bed proﬁles at the mdwzdual transects may change somewhat the hydreolic -
_ characteristics of the riffles remain 51m11ar The riffles selected are assumed to represent |
a typical problem riffle.  This concept is . termed a state of "dynamic equilibrium”
(Morhardt et al., 1983)..

DATA COLLECTION

'Aﬁer placement of the cross—sectlonal profile transect, each was surveyed using. standard |
surveying techniques. Elevations of the head pins and water surface were determmed_

within 0.03 ft. Hydraulic data were collected for at least 20 verticals across each transect
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to describe the depth and 'vetocity distribution at 'each study flow. Water surface
elevations and hydraulic .data were collected at 3 flows at each transect 'T’he flows at
which data were collected varied with stream reach and when the xnformatlon was
collected. At the Refuglo and Ahsal sites, data were collected at apprommately 40-200
. cfs, except that the data on the addmonal transects at Alisal were collected at ﬂows of 10
to 35 cfs. '

ANALYTICAL METHODS _

To determine the suitability of transects for passage of adult steethead during their
upstream nl_ig;'ation; all transect data were entered into'single flow IFG-4 models. This
_ allowed_ us to model dep'th'and._\.reloci'ty at flows rangmg from S to 100 cfs. The resulting |

_ depths and velocities fof each cell on each transect were evaluated to determine the flow | _ |
: that wou]d allow steelhead o pass upstream To conduct t}ns analy31s we used several

‘sets of passage criteria based in part on Thompson's (1972) passage cntena for adult

steelhead

Based on- work. conducted in Oregon Thompson (1972) defined passage criteria for
steelhead as a depth of greater than 0.6 feet over 25 percent of the wetted channel w1dth
with at’ least 10 percent being cont:guous, and veIocmes of less than eight feet per second
These: condltzons wouid provide excellent conditions- for passage however, in southem
_ Cahforma Rivers, these passage condltlons often don’t exist under unimpaired ﬂows, yet
fish still manage to r_mgrate npstream in these systems._ _We evaluated the criteria to
determine what the critical elements were re]ative to a]lo“tin'g passage. The two elements
of Thompson criteria are the width .o_f portion of the channel meeting the passage
lreqnirernents and the depth at which fish can pass. We detennined that adult steelhead
' passage of steelhead: was achieved wnh less't_han 25% of contiguous stream channe]
‘width. Adult steelhead are contmonly observed in very small streams with total widths of
less than 10 fi. We determined passage flows based on widths of 38, 5f ar_ld 8 ft of
contiguous channet and relative widths of 10% and 25% of the wetted channel. We also

looked at the depth criteria developed by Thompson. Thompson found that water 0.6 ft .
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deep provided excellent péts_sagl_a cohditibns. In smaller streams, steelhead and other
Pacific salmon have also beeﬁ ijfre:quoantl_jr observed m_bving_ upstream through riffles SO .
shaliow that their backs emerge .f_'rom the water. .To evaluate the sensitivity of the
- analysis to depth criteria, we determined the flows that would be required to achieve .
paséagg using two'diﬁ'ér_ent .depth criteria: 0.6ft and 0.5 ft. |
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, 3.0
RESULTS

31  PassaGeEFLows

Flow levels needed to meet the passage criteria vaned among the transects and wnh
cnterla In general passage criteria are met at most transects if ﬂows are between 10 and
30 cfs (Table 3-1). The minimum passage flow at most transects is rela_twely,msensmve -
to the width of channel needed for_passage, but was somewhat more sensitive to therdep_fh

' needed for passage.

The e’xeeption is the Lompoc 1 transect. This transect is one _ef the first that steelhead
entering the Sarita Ynez River will encounter. Using the relative width criteria of 10 and
25 per ceht for the top width, the Lompoe 1 tragsEC:t'required_the largest amount of flow :
for steelhead to pass. This transect is ldcated m a sandy ehanne_l with a top-\iridth of 125_
ft at 25 cfs and neariy-ZOO ft st 100 cfs. .The' full Th_ompson pessage c_riterié ihdieated
passage here would require flows in excess of 160 cfs, Because of .t'he broad proﬁle of
~ this transect that means that the transect is not deemed passable until the water depth is
© 0.6 ft across 50 ft of channel. | o

However, the characteristics ef_ the Lempoc_ ] transect may make it less of a problem for
pass'age' than indicated in the analysis. - Usi.hg a'passage reciuir'ement of a eontiguous'
width of 8 ft and mlmmum depth of 0.6 ft, 30 cfs is reqmred for passage. andwhen using
a set minimum w:dths of 5or3ft passage is achleved at thls transect at less than 20 cfs.
The depth criteria also indicated _that the results were sensitive to small changes in depth. _.
At the Lompoc 1 transect, flows needed to meet the passage'cﬁteﬁa changed from 70 to

20 cfs when the depth criterion was reduced 0.1 ft. The transect fails to meet the passage |
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criteria only when we use the relative wxdth criteria requiring 25% of the channel 1o be

0.6 ft deep. Steelhead can and have passed through much narrower channels than thxs E

' successﬁ.zlly, as evidenced by their presence in many small streams throughout then-
range, and in SaISIpuedes and Hilton Creeks within the Santa Ynez River dramage “The
lower recommended minimum flow for passage at the Lompoc 1 transect is supported by
.the capture of more than 15 adult steelhead/rainbow trout in Salsipuedes Creek in 1999
_before mamstem ﬂows had exceedcd 40 cfs (SYRTAC data) ' '

32 PASSAGEOPPORTUN:TY.

Using the Santa Ynez RJver Hydrauhc Mode] we eva]uated the frequency of ﬂows

meeting the passage criteria flows to determine the number and frequency of passage
- opportunities for adult steelhead to migrate upstream between 1942 and 1993. The ﬂ_ows. o
at three sets of minimum passage criteria were selected for use in this analysis: 8 ftof

contiguous channel width with-a depth of 0.6 fi, 10 pef_cent of the contiguous channel

width with _a_'depth of 0.6 ft, and 25 percent of the total channel width (not contiguous)

~with a minimum depth of 0.6 ft (T able 3-2). We used daily flow hydrologic data foi'_ )

| January through April at four locations on the river to reflect passage opportunities under

project operatlons We also 51mulated the passage condntlons that would have existed

‘without the proj ect in place using the same period of record.

Table 3.2, Mihimum flow required to achieve pa's'sag'é by reach and by criteria
~ set. Minimum depth for passage is 0.6 feet for all width criteria.

: _ Locatlon |
Width Criteria . Lompoc ' Cargasachl Alisal | Refugio
Narrows | '
8 ft Contlguous ' 30 ' 15 25 25
10 % Contiguous 70 5 | 20 %0
25 % of Total Width 100 25 30 30
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" The frequehcy of occurrence of these target flows was evaluated at Lompoc, 'Cargasachi,
A_liéal and .S'ol'v'angf These different locations were selectéc_l_be_cause passage_conditions
may differ between these areas based on :tributary lnﬂowé_. Sequential passage past these
~areas arc presumed. to provide steelhead access to suitable spaw_ning habitat in

Salsipnedee!El Jaro, Alisal Quiote and the mainstem below the dam and Hilt'on Cre’elc

' respecuvely In some years, fish may be able to reach Salmpuedes Creek but may not L

have sufﬁc1ent flow to reach H}lton Creek near the base of Bradbury Dam

- An eﬁaluatlon was perfofmed. of the fr'equency with which the mlmmum ﬂoWs icler’xt_iﬁetl -
would l':e'ava'ilable for peﬁods 'ef 1, 3; 5,and 10 consecutive days betWeen Jarlua.rj land
April 30. These_ai'e intended to represent the amount of time it tni_ght take an adult
_Steellleacl to migrate upstre_a_m to spawﬁing areas Of course 2 st_eelhead'may hold over -
o sonleWhere along the river if it doee' hot reach a suitable spéx»ming area within this time,

'but assummg that mlgratlon takes place during a smgle event this provides a conservative
| estimate of the passage opportunity. A second analysis examined what percentage of
years would prowde a given number of passage opportumtles based on dally flows
_prowded by the SYR model. '

- Prior toa steelhead negotiating the 'i)assa'ge obstrucﬁone in the- i"iv'er itself, it must first be
.able to enter the river from the ocean. As dlscussed elsewhere in this document, the .
mouth of the Santa Ynez RIVCI‘ is frequently closed by the presence of a sandbar across its
' mouth This bar forms during the summer when flows are low and wave energy is also -
low. - It is breached in the winter by a _combmatlon of higher nver flows and greater wave
energy (although either of these elements may be'_ab]e to 'ereach the bar by.themselves).. _
No information is available about the frequerlcy_ with which _the_ ber is broken or wltat :
flows might be required to accomplish this. It is .tho-ught that flow from Salsipeedes_ |
Creek may be eufﬁci_ent'to breach. the bar orl its. own when runoff in that system IS good.

The bar has occasionally been opened mahually, but this is not a regular practice. The .
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_passage analysis that follows .pllesumes that steelhead have ali'ea_dy gained access to the

Tiver.

~ 3.2.1 - FREQUENCY OF SINGLE PASSAGE OPPORTUNITIES

Table 3-3 compares the percentage of years during which a single passage opportunity :

'w'ouid'o'ccur based on the target flow level at each location and on a specified passage
~event duratlon. This table indicates that under current pro;eet operations, the percentage '
~of years prov:dmg passage opportunities is decreased. ‘The size of the decrease is
dependent on the requlred duration of the passage event. Generally, the dectease in the
' .number years with one day passage events is much less than the decrease in the number

of years .w_ith 10 day passage events.

‘Under unimpared flows (withbht Cachuma), steelhead would be able to migrate past

Lompoc between 62 and 83 percent of years, dependmg on the passage event duration.
The percentage. of years with passage events at the more upstream- locatlons is slightly
greater, with a notable exception for one day passage ‘events. The greater _frequeucy of

_IIOIn'e_: _dey:events at Lompoc indicates that Salsipuedes Creek contributes str’ongly to flows
in this reach, but that the contribution tends to be ﬂashy, related to rain events. HoWeve_f,
‘as Salsipue_des-Creek.'is only about 15 miles from the lagoon, a ohe_ day pas".sege_event is

likely S_ll.lfﬁCiéI.ltﬁ to allow most adults to move upstream into Salsipuedes Creek.

o Under existing conditione, steelhead would be able to migrate past Lompoc between 50 -
and 83 percent of years, with a net reduction of 0 to 12 percent relative to th_e_l_i_nimpaired
flow condition. The percexitage of years when one day 0ppoi'tunities is avail_eble is not
' 'decreased again indicating the iniportance of Saisipuedes Creek to flows in this area. .
.The percentage of years in which three, five, and ten day passage ‘events occur’ 13
decreased relative to the unimpaired ﬂows The reducnon in the percentage of years
when passage would be available ranges from 9 to 14 percent at Cargasachi, 10 to 25

percent at Alisal and 13 to 25 percent at Refugio, depending on passage duration. The
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percentage of years wuh passage opportunities at these Jocations generally being less than
that at Lompoc wnh Cachuma operﬁtjons._ This contrasts with the pnimpairéd- flow
condition where these stations ‘genérally had a greatér pércéntag'e of years when fish
could pass than did Lompoc. Tlns mdlcates that the dam has 1ts greatest influence on
passage opportumnes in the more upstream portlon of the basin.

Table3-3. - Percent of years with at least one passage event, based on 8 feet of
contiguous channel w1th a depth of 0.6 feet (January through April

1942-1993).
Reach: =~ - Lompoc ~  Cargasachi - Alisal Refugio

Flow Exceeded 30cfs . 15cfs 25 cfs  25¢fs

: ) Without Cachuma Operations
Flow Exceeded for: .

1Day| 8% | % o} ™% | 7%
'~ 3-Day 69% N% 69% 9%
5-Day 63% 67% 6% T 67%

" 10-Day ©% | &% | 6% 67%

- e " With Cachuma Operations
"Flow Exceeded for: .

1-Day| 8% | 6% | . 6% | 6%

3Day| 63% |  60% Cos% | 2%
5Day| . 58% | 60% 50% | 46%
10-Day | = 50% . 58% 42% 42%

3.2.2  FREQUENCY OF MULTIPLE PASSAGE OPPORTUNITIES

While a single passage opportumty may prov1de an mdex for comparison, obv:ously an
upstream migrant steelhead must be in the correct !ocatlon to take advantage of thls

opportunity. Steelhead are known for their plasticity when it comes to migration periods,
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partlcularly in the southern end of their range where natural conditions are dry and the |
fish may have to wait for the mouth to open prior to- entenng the stream. However, if -
only one event occurs in a given year, some steelhead may miss the opportumty '

‘Therefore it is general]y preferable that there be more than one opportumty for steelhead -
to mrgrate in a given year. The frequency of years with multiple three day and one day
passage events is opportumty is evaluated in the this sectron Figures 3-1 to 3-4 show the |
percentage of years when a given number of 3-day passage opportunities are avallable at
the different statlons Flgures 3-5 to 3-8 show the percentage of years when a grven.-
mumber of 1-day passage opportumttes are available. These figures show that fish elther
have many passage opportunities or none, reflecting the fact that water years w:thm the o

basin tend to be either wet or dry, with few years falling in-between.

- For the 8 ft contiguous width criteria, flows of 30, 15, 25 and 25 cfs are récjuired to
achieve passage through Lompoc Narrows, Cargasachi, Alisal and Refugm respectively.
Under the hlstonc condition (w1thout the Cachuma Project), 12 or more 3-day passage

opportumtle_s would have occurred approx1mately 57 percent or more years (upper plots

in Figures 3-1 through 3-4). The Cachurna Project reduces the percentage of years with

12 or more 3 day -passage opportumtres to 32 to 55 percent of years, with greater'

reductions at Alisal and Refugio than at Lompoc. The humber of years w1thout 3-day o

passage opportunities is greatest at Lompoc (31 percent) and least at Cargasachi and - |
Alisal (25 percent). '

Twelve or more 1-day ﬁasSage opportun_itie_s would have occurred 63 percent or tnore
~ years at all locations without the Cachuma 'Proje_ct in place (upper plots in Figures 3-5
- through 3-8). The number of years without a 1-day passage event would have ranged o
from 17 to 25 percent of years. With the project in place, the percent of years with 12 or
more 1-day pﬁsage events declines to 41 to 62 percent, with the greatest affect agairt'._ |
occurring in the.Alisal. and Refugio areas. Between 17 and 38 pereent of years do not

provide a 1-day passage opportunity with the project in place.
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Figure 3-1. Number of 3-day Passage Opportumtles at Lompoc Narrows
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Figure 3-2. - Number of 3-day Passage Opportunities at Cargasachi
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Figure 3-3. Number of 3-day Passage Oppo_rtunities at Alisal Road
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Figure 3-4.  Number of 3-day Passage Obportunities at Refugio Road
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Figure 3-5. Number of 1-day Passage Opportunities at Lompoc Narrows
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'Figure3-6. Number of 1-day Passage Opportunities at Cargasachi
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Figure 3-7. - Number of 1-day Passage Opportunities at Alisal Road
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The change in the number of 1- day passage events thh and W1th0ut the project is not as.

pronounced as it was for three day passage events.

_ Simi]_ar resﬁlts éu"_e observed using the 10 percent contiguqus'_md 25 percent of to_ﬁ]-wid_th. )
criteria to those described above. Some change in 'frequency is 'notéd, as Woﬁld be
expected because of the hi gher ﬂow levels required for passage, but the general trends are
the same. The plots for these criteria sets, respectlvely, are shown in the central and.

bottom panels of Flgures 3-1 through 3-8.
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4.0
CONCLUSIONS

It'_appe.ars that a target flow of 30 cfs would be adequate for the passage of adult steelhead

~ on the Santa Ynez River. This flow would provide a minimum depth of 0.6 ft over more

than 8 ft of conﬁguous channel at all transects. It would also provide a minimum depth

| of 0.6 ft over 10% of the wetted chanﬁel at all tréns'ects_ except Lompoc 1 whcre a
minimum depth of 0.5 & would occur contiguously for 10% of the wetted channel. The -

- recommended flow level will also meet the full Thompson criteria at all but the Lompoc .

1 transect, where 9.3 ft of the channel would have minimum depth of 0.6 fi.

If the Cachuxﬁa Project “}ere not in operation, steelhead wbuld have ha& ét_ least .one_ '
passage event in about 10 to 20 percent more years than they do with it. 'The Historic
condition has a- lower percentage of years with no passage oppbrtunities “under. all *
cOnditions at all locations. It also has a higher percentage of yeafé with more than 12
: péssage opportunities'at all locations.  The difference in this percentage i'anges'from less
than 10 percent at Cargasachi to over 25 percent at Reﬁagip; Thxs affect occurs in all
- areas reviewed, but is more pronounced in the Refugio and Alisal areas, This reflects the
| 'i'mpdrtaﬂce of the tributaries, particularljr Sa]sipuedés" Creek, in providing .ﬂ_ow to 'thc

lower river. -
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